Journal of Cancer Survivorship (2024) 18:1517-1547
https://doi.org/10.1007/511764-023-01395-0

REVIEW q

Check for
updates

Evaluating the effect of upper-body morbidity on quality of life
following primary breast cancer treatment: a systematic review
and meta-analysis

Eliza R. Macdonald'® - Nadia M. L. Amorim? - Katarina Markovic'® . David Simar’

Rachel E. Ward' @ - Briana K. Clifford"3

- Amanda D. Hagstrom'

Received: 23 February 2023 / Accepted: 28 April 2023 / Published online: 18 May 2023
© The Author(s) 2023

Abstract

Purpose Improvements in breast cancer management continue to increase survival and life expectancy after treatment. Yet
the adverse effects of treatment may persist long term, threatening physical, psychological, and social wellbeing, leading
to impaired quality of life (QOL). Upper-body morbidity (UBM) such as pain, lymphoedema, restricted shoulder range of
motion (ROM), and impaired function are widely reported after breast cancer treatment, but evidence demonstrating its
impact on QOL is inconsistent. Therefore, the aim of the study was to conduct a systematic review and meta-analysis evalu-
ating the effect of UBM on QOL following primary breast cancer treatment.

Methods The study was prospectively registered on PROSPERO (CRD42020203445). CINAHL, Embase, Emcare, PsycInfo,
PubMed/Medline, and SPORTDiscus databases were searched for studies reporting QOL in individuals with and without
UBM following primary breast cancer treatment. Primary analysis determined the standardised mean difference (SMD) in
physical, psychological, and social wellbeing scores between UBM +/UBM — groups. Secondary analyses identified differ-
ences in QOL scores between groups, according to questionnaire.

Results Fifty-eight studies were included, with 39 conducive to meta-analysis. Types of UBM included pain, lymphoedema,
restricted shoulder ROM, impaired upper-body function, and upper-body symptoms. UBM + groups reported poorer physical
(SMD = -0.99; 95%CI= —1.26,—0.71; p <0.00001), psychological (SMD = —0.43; 95%CI= —0.60,—0.27; p <0.00001),
and social wellbeing (SMD = —0.62; 95%CI= —0.83,—0.40; p <0.00001) than UBM — groups. Secondary analyses accord-
ing to questionnaire showed that UBM + groups rated their QOL poorer or at equal to, UBM — groups across all domains.
Conclusions Findings demonstrate the significant, negative impact of UBM on QOL, pervading physical, psychological,
and social domains.

Implications for Cancer Survivors Efforts to assess and minimise the multidimensional impact of UBM are warranted to
mitigate impaired QOL after breast cancer.
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Introduction

With the advent of new and effective methods for detect-
ing, diagnosing, and treating breast cancer, life expec-
tancy following the completion of primary treatment is
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improving [1]. However, adverse cancer and treatment-
related effects continue to arise over the course of treat-
ment. If these persist, they stand to threaten physical, psy-
chological, social, and spiritual wellbeing in the long term.

In the case of breast cancer, upper-body treatment
modalities that target areas of the breast, chest, and axilla,
leaving nearby musculoskeletal, lymphatic and neural struc-
tures vulnerable to injury or impairment [2, 3]. Surgery and
radiation therapy to the breast and axillary or subclavicu-
lar lymph nodes can cause tissue scarring/fibrosis, axillary
cording, and muscle tightness, leading to impaired shoulder
kinetics, reductions in shoulder range of motion (ROM) [4],
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and pain or discomfort [5]. Damage to the lymphatic sys-
tem can result in the development of breast or upper-limb
lymphoedema, the accumulation of lymphatic fluid leading
to extremity swelling [6, 7]. Nerve damage accrued during
local treatment can lead to neuropathic pain, paraesthesia,
and altered muscle activation [8, 9]. Systemic treatment is
also implicated in the development of upper-body symp-
toms. Neurotoxic chemotherapy can induce peripheral neu-
ropathy and manifest as pain or altered sensation in the distal
extremities. Hormone therapies are known to cause arthral-
gia and myalgia, which may be experienced in the joints and
muscles of the upper limb [10].

Treatment-related upper-body concerns may be acute,
resolving with time after treatment [11, 12]. However, up to
51% of individuals report experiencing at least one upper-
body symptom or limitation within 18 months following
breast cancer treatment [13] and survivors of up to 10-years
post-treatment report the presence of breast cancer-related
lymphoedema [14], chronic somatic or neuropathic pain,
restricted shoulder ROM, chemotherapy-induced peripheral
neuropathy, or a combination of these [14—18].

Due to the prevalence and persistence of treatment-
related upper-body morbidity (UBM), it is imperative to
understand the impact of UBM on daily functioning and
quality of life (QOL) long term, so that it can be suitably
addressed [19-24]. However, substantial variation exists in
the way that UBM is categorized — such as by type, cause,
or severity [14] — the time at which UBM and QOL are
assessed post-treatment [25], and the domains of QOL that
are measured. As a result, the direction and magnitude of
the effect of all types of UBM on multiple aspects of one’s
life remains unclear. Given the volume and heterogeneity
of studies reporting QOL and UBM after breast cancer, a
meta-synthesis to elucidate the impact of UBM that persists
beyond primary treatment on each domain of QOL is war-
ranted. A greater understanding of the relationship between
persisting UBM and QOL will help contribute to improving
care provided after breast cancer treatment.

Aim
The aim of this study was to conduct a systematic review
and meta-analysis, to evaluate the effect of persistent UBM

following primary breast cancer treatment, on multiple
domains of QOL.

Methods

The review was conducted in accordance with the
PRISMA 2020 statement [26], and the Cochrane hand-
book for systematic review and meta-analysis [27].

@ Springer

The study was prospectively registered on PROSPERO
(CRD42020203445).

CINAHL, Embase, Emcare, PsycInfo, PubMed/Medline,
and SPORTDiscus databases were searched without lan-
guage restrictions, from inception until 25 September 2020.
Subject headings and keywords referencing breast cancer,
QOL, and treatment-related UBM were employed in the
search. A detailed search strategy is included in the supple-
mentary materials (Online resource 1). The database search
was repeated on 8 December 2021 and 7 March 2023.

Studies which met the following criteria were eligible
for inclusion: (1) published in English language; (2) obser-
vational (cross-sectional or longitudinal) or interventional
(outcomes of interest assessed prior to delivery of an inter-
vention); (3) sample comprised of individuals who had com-
pleted primary treatment for breast cancer of any stage, type,
and grade; (4) QOL reported in breast cancer survivors with
and without UBM discretely, using validated, multidimen-
sional QOL assessment tools.

Treatment-related UBM was defined as the presence of
at least one of any upper-body symptom or limitation aris-
ing after breast cancer treatment, indicated by self-report
or objective clinical assessment. The “condition” was
dichotomised into UBM present (UBM +) or UBM absent
(UBM —). Where studies grouped participants into UBM
groups more than once—for example, on the basis of an
interlimb circumference measure, and on the basis of self-
report — QOL data were extracted based on the objective
data categorisations of UBM +/—. If multiple UBM + or
UBM — groups were present in one study — for example, lym-
phoedema and reduced shoulder ROM groups — QOL data
were combined to create UBM +/— groups using Review
Manager v5.4.1 (The Cochrane Collaboration) or provided
by authors upon request.

Records were screened for eligibility in two stages and
in duplicate. Title and abstract screening [EM (100%); KM
(75%); BC (25%)] and full text screening [EM (100%); BC
(50%); AH (50%)] were completed using the Rayyan system-
atic review web application (Rayyan Systems Inc) [28] and
COVIDENCE systematic review software (Veritas Health
Innovation) [29], respectively. Data from included articles
were extracted in duplicate into predetermined spreadsheets
by authors EM, BC, and NA. Where studies met inclusion
criteria but UBM or QOL data could not be adequately
extracted, authors were contacted and followed up via email.

Study quality was assessed in duplicate by EM, BC
and NA using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Analytical Cross-sectional Studies
[30]. The checklist consists of eight criteria for assessing the
risk of publication bias in included studies. As per the JBI
Manual for Evidence Synthesis [31], reviewers determined
a priori that studies which met>75% of the criteria would
be considered “good” quality.
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Statistical analysis

Studies which presented QOL data (mean with variance),
for UBM +and UBM — groups discretely, were included in
the meta-analysis. Where QOL was assessed on multiple
occasions, the measure taken at the latest timepoint post-
treatment was included to capture the effect of persistent
rather than acute UBM on QOL. Where the results of one
study were reported across multiple publications, the record
with the most complete dataset was included. Meta-analyses
were conducted in Review Manager v5.4.1 (The Cochrane
Collaboration) [32].

Primary analysis

The primary meta-analyses evaluated the effect of UBM on
(1) physical wellbeing, (2) psychological/emotional wellbe-
ing, and (3) social wellbeing. Each analysis used a random
effects model to determine the standardised mean difference
(SMD) (95% confidence interval, significance p <0.05) in
continuous QOL scores from the relevant physical, psycho-
logical, or social domain. Within the three categories of the
primary analysis, studies were further divided into subgroups
according to QOL questionnaire. This was done to elucidate
differences in the size and direction of the effect of UBM on
QOL assessed using the different tools. Pooled effect sizes
were categorised as small (SMD =0.2), medium (SMD=0.5),
or large (SMD=0.8) [33]. Studies reporting physical, psycho-
logical, and social wellbeing using multiple assessment tools
were included once in each analysis for SMD, with preference
for including scores from cancer-specific questionnaires.

In the sensitivity analyses, only studies with subjective
reporting of UBM were included. This was done to elucidate
if the effect of subjectively reported UBM on QOL differed
significantly to that observed in the primary analysis (i.e. sub-
jective and/or objective UBM). Sensitivity analysis including
studies with objective reporting of UBM could not be com-
pleted due to data availability. Funnel plots for each of the
primary analyses were generated in Review Manager (v5.4.1)
(The Cochrane Collaboration) [32] to assess publication bias.
Low publication bias was inferred when studies were evenly
distributed either side of the main effect [27, 34].

Exploratory analyses

Exploratory meta-analyses were performed with studies
grouped according to the QOL assessment tool employed.
These analyses used a random effects model to determine
mean difference (MD) (95% confidence interval, signifi-
cance p <0.05) between UBM +and UBM — groups in QOL
scores within the domains of each questionnaire. The mean

difference between groups was compared to the question-
naire’s Minimal Clinically Important Difference (MCID) or
Minimal Important Difference (MID), subject to their avail-
ability in the literature. The MCID and MID represent the
minimum change in QOL score necessary for an individual
to perceive an improvement or deterioration in wellbeing.
Comparison to MID or MCID was completed to add clini-
cal relevance to the results of the analysis, to improve the
translation of findings into practice [27, 35].

Results

The database search yielded 16,916 records. After dupli-
cates were removed, 11,470 records were entered for title
and abstract screening. Seven hundred and twenty-seven
records were included for full-text screening from which a
further 668 were excluded due to reasons outlined in Fig. 1.
Fifty-eight records were included in the systematic review,
of which 39 were suitable for inclusion in a meta-analysis.
Four studies were reported across multiple publications [15,
24,36, 37]. Results from the publication with the most com-
plete dataset were included in analysis.

A summary of studies included in the systematic review
can be found in Table 1. Types of UBM reported were lym-
phoedema (n=31) of the upper-limb (n=30) or breast (n=1);
chronic upper-body pain (n=14), including post-mastectomy
pain syndrome (n=35), breast specific pain (n=1), and lym-
phatic pain (n=1); upper-body disability (n=1); impaired
shoulder ROM (n=1); or a combination of upper-body symp-
toms and functional limitations (n=11) (Table 1).

Fifty-seven studies reported the methods used to deter-
mine the presence of UBM, and these were self-report/ques-
tionnaire responses (n =34), objective measures (n=14), or
a combination of the two (n=9). One study did not describe
the method used to categorise participants as lymphoedema
positive or negative [38]. Questionnaires used alone or
in combination to assess UBM included the McGill Pain
Questionnaire [39] (n=3), Brief Pain Inventory [40] (n=2),
Disabilities of the Arm, Shoulder and Hand questionnaire
[41] (n=2), Visual Analogue Scale [42] (n=4), lymphoe-
dema and pain questionnaire [43] (n=1), Douleur Neu-
ropathique-4 questionnaire [44] (n= 1), unspecified/custom
UBM/Lymphoedema questionnaire (n=5), The Breast Can-
cer and Lymphedema Symptom Experience Index (BCLE-
SEI) [45] (n=1), Functional Assessment of Cancer Therapy,
Breast-Arm Symptom Subscale [46] (n=1), or the “breast
swelling” item on the EORTC QLQ-BR23 questionnaire
[47] (n=1). Objective measures used to identify lymphoe-
dema were upper-limb circumference (n=11), perometry
(n=1), bioelectrical impedance (n=1), and volumetric dis-
placement (n=1). Impaired shoulder ROM was quantified
using goniometry (n=3).

@ Springer
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Fig. 1 Prisma flow diagram for
systematic review process [26]

Identification of studies via databases and registers

Embase (n=9908)
Emcare (n=2986)

PubMed (n=2705)

c
2
=]
©
i
=
=1
c
]
=

CINAHL (n=1071)
Psyclnfo (n=145)

SPORTDiscus (n=105)

Records identified from databases

(n=16,916)

Dupli records r d before scr

A4

(n=5446)

v

Record title and abstract screened

(n=11,470)

Records excluded

v

(n=10,738)

v

Records sought for retrieval

(n=732)

Records not retrieved

(n=5)

v

Screening

Full text records assessed for eligibility

(n=727)

Records excluded:

v

(n=668)

UBM not reported/reported incorrectly (n=399)
QOL not reported/reported incorrectly (n=138)
Incorrect population(n=91)

Incorrect publication type (n=20)

Foreign language (n=17)

Outcomes from cohort reported across multiple
screened records (n=4)

(n=58)

(n=39)

Studies included in review

Studies included in meta-analysis

QOL was assessed using the following tools: Medical Out-
comes Study — Short form 36 (SF-36) [48] (n=19); European
Organisation for Research and Treatment of Cancer, Qual-
ity of life Questionnaire — Core (EORTC QLQ-C30) [49]
(n=13) and/or breast module (EORTC QLQ-BR23) [47]
(n=4); Functional Assessment of Cancer Therapy, Breast
(FACT-B) [46] (n=5) with arm symptoms subscale (FACT-
B +4) [50] (n=9); Medical Outcomes Study — Short form 12
[51] (n=4); Lymphedema Functioning Disability and health
questionnaire for upper-limb lymphedema (LYMPH-ICF-
UL) [52] (n=3); World Health Organisation Quality of Life
Questionnaire, brief (WHOQOL-BREF) [53] (n=2); 20-item
Quality of life questionnaire [54] (n=1); Psychological Gen-
eral Well-Being index (PGWB) [55] (n=1); The Quality of
Life scale — Patient version [56] (n=1); The Quality of Life

@ Springer

scale — Breast Cancer version [57] (n=1), and the European
Quality of Life 5 Dimensions 3 Level Version questionnaire
(EQ-5D-3L) [58] (n=1).

Statistically significant differences between UBM + and
UBM — groups existed across several QOL domains. Groups
with lymphoedema [14, 38, 59-79], pain [54, 64, 80-88],
movement limitations [4, 64], upper-body disability [89], or
a combination of UBM types [16, 18, 90-93] reported poorer
QOL than UBM — groups in at least one domain. Where QOL
was not significantly different between groups [94-96], or no
statistical analysis was presented [97] mean or median sub-
scale scores tended to be lower in those with UBM compared
to those without [94, 95, 98—102], particularly with respect
to physical symptoms. Few studies reported trends towards
superior QOL in UBM — groups, in terms of severity of arm
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UBM+ UBM- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 SF-36
Ahmed 2008 38.0898 10.7708 579 419 106 708 3.9% -0.36 [-0.47, -0.25] -
Casso 2004 44.86 16.1451 80 50.9 16.1451 132  3.7% -0.37 [-0.65, -0.09] -
Jariwala 2021 42.41 59 104 47.18 6.2 108 3.7% -0.78 [-1.06, -0.51] -
Kibar 2017 38.82 10.3 107 4225 10.3 94  3.7% -0.33[-0.61, -0.05] -
Nesvold 2011 38.2 10.4 80 46.7 99 175 3.7% -0.84 [-1.12, -0.57] -
Oliveri 2008 77.59 26 75 7618 2676 170 3.8% 0.05[-0.22, 0.32] T
Speck 2010 46.7964 9.1217 112 49.5959 8.3084 121 3.8% -0.32 [-0.58, -0.06] -
Togawa 2021 44.33 14 137 49.3 08 362 3.6% -4.96 [-5.33, -4.59] -
Subtotal (95% Cl) 1274 1870  30.0% -0.98 [-1.76, -0.20] ’
Heterogeneity: Tau? = 1.25; Chi? = 600.47, df = 7 (P < 0.00001); I* = 99%
Test for overall effect: Z =2.46 (P = 0.01)
1.1.2 EORTC QLQ C30
Batenburg 2022 80.2 17.8 265 90.3 132 1344  3.9% -0.72[-0.85, -0.58] -
Dawes 2008 75.4 245 16 83.1 144 34 33% -0.42 [-1.02, 0.18] —
Gong 2020 75.7 19.2 560 82.6 18 1423  3.9% -0.38 [-0.47, -0.28] -
Lopez-Penha 2014 73 17 26 88 21 119 3.6% -0.73[-1.17, -0.30] -
Surmeli 2019 50.99 3.92 27 7147 3.93 29  24% -5.07 [-6.18, -3.96]
Young-Afat 2019 79.9 19.7414 33 87.6 18.2008 568 3.7% -0.42[-0.77,-0.07] —
Subtotal (95% Cl) 927 3517  20.6% -0.92 [-1.33, -0.50] <
Heterogeneity: Tau? = 0.21; Chi? = 82.97, df = 5 (P < 0.00001); I* = 94%
Test for overall effect: Z = 4.35 (P < 0.0001)
1.1.3 FACT-B
Beaulac 2002 231 0.7 42 26 03 109 29% -6.45 [-7.27, -5.63]
Kaur 2017 11.35 556 42 1591 61 33 35% -0.78 [-1.25, -0.30] -
Mak 2009 21.7 54 101 24.4 36 101 3.7% -0.59 [-0.87, -0.30] -
Popovic-Petrovic 2018 21.47 5.04 34 20.8 4.97 30 35% 0.13[-0.36, 0.62] T—
Recchia 2017 16.33 4.38 15 22.87 4.5 15 2.9% -1.43 [-2.25, -0.62] -
Yusof 2021a 18.7 6.6 30 23.2 4.3 83 3.6% -0.89 [-1.33, -0.46] —
Subtotal (95% Cl) 264 371 201% -1.63 [-2.88, -0.38] i
Heterogeneity: Tau? = 2.34; Chi? = 200.20, df = 5 (P < 0.00001); 1> = 98%
Test for overall effect: Z =2.56 (P = 0.01)
1.1.4 SF-12
Carpenter 1998 423 13.7 36 49.5 8.9 70 3.6% -0.66 [-1.08, -0.25] -
Mandelblatt 2002 39.7 115 219 452 106 352 3.8% -0.50 [-0.67, -0.33] -
Pinto 2013 40.19 8.54 50 4213 12.46 50 3.6% -0.18 [-0.57, 0.21] -
Subtotal (95% CI) 305 472 11.0% -0.46 [-0.68, -0.25] ¢
Heterogeneity: Tau? = 0.01; Chi? = 3.07, df = 2 (P = 0.22); I? = 35%
Test for overall effect: Z=4.19 (P < 0.0001)
1.1.5 WHOQOL-Bref
Aerts 2011 15.3 25 59 17 19 30 35% -0.73[-1.18,-0.27] -
Koca 2020 20.93 3.84 15 23.8 4.8 51 3.3% -0.62 [-1.20, -0.03] —
Subtotal (95% Cl) 74 81 6.8% -0.69 [-1.04, -0.33] <&
Heterogeneity: Tau? = 0.00; Chi? = 0.09, df =1 (P =0.77); I? = 0%
Test for overall effect: Z = 3.75 (P = 0.0002)
1.1.7 Other
Caffo 2003 57.3 175 210 70.8 153 319 3.8% -0.83 [-1.01, -0.65] -
Heiney 2007 6.3 021 122 6.7 071 415 3.8% -0.63 [-0.84, -0.43] -
Langford 2015 7.8 1.7 158 8.6 12 122 3.8% -0.53[-0.77, -0.29] -
Subtotal (95% Cl) 490 856 11.4% -0.68 [-0.85, -0.50] +*
Heterogeneity: Tau? = 0.01; Chi? = 4.34, df =2 (P = 0.11); I? = 54%
Test for overall effect: Z = 7.52 (P < 0.00001)
Total (95% Cl) 3334 7167 100.0% -0.99 [-1.26, -0.71] <
Heterogeneity: Tau? = 0.51; Chiz = 911.48, df = 27 (P < 0.00001); I = 97% 4 2 0 2 i

Test for overall effect: Z =7.00 (P < 0.00001)

Test for subgroup differences: Chi? = 7.65, df =5 (P = 0.18), I = 34.6%

Fig.2 The effect of UBM on QOL (SMD): physical wellbeing

symptoms [103] and physical wellbeing [18, 96, 99, 101],
mental wellbeing [96], and global QOL, physical role, emo-
tional role, cognitive functioning and social functioning [18].

Primary analysis

Physical wellbeing was reported in 28 studies using eight dif-
ferent QOL assessment tools. The relevant physical wellbeing,
physical functioning, or physical component scores from eight

Favours group with UBM  Favours group without UBM

QOL assessment tools were included in the meta-analysis.
Overall, physical wellbeing was significantly poorer in the
UBM + group, with UBM exerting a large negative effect on

scores in this domain across all questionnaires (SMD = —0.99;
95%Cl= —1.26,—0.71; Z="7.00; df=27; p <0.00001) [Total
(n=10,501); UBM + (n=3334); UBM — (n=7167)] (Fig. 2).

Psychological/emotional wellbeing was reported in 25 studies

using eight QOL assessment tools. Psychological/emotional well-
being was significantly poorer in the UBM + group with a moder-
ate effect size (SMD=-0.43; 95%CI=—0.60,—0.27; Z=5.05;
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UBM+ UBM- Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
1.2.1 SF-36
Ahmed 2008 51.6952 10.8022 579  54.1 106 708 4.8% -0.22[-0.33, -0.11] -
Casso 2004 44.24 10.5852 80 482 10.5852 132 4.3% -0.37 [-0.65, -0.09] -
Jariwala 2021 47.81 6 104 50.27 4 108 4.3% -0.48 [-0.76, -0.21] -
Kibar 2017 355 1213 107 39.34 12.13 94 4.3% -0.32[-0.59, -0.04] -
Nesvold 2011 50.1 111 80 53 83 175 4.4% -0.31[-0.58, -0.05] -
Oliveri 2008 76.11 16.6 75 77.04 1663 170 4.3% -0.06 [-0.33, 0.22] T
Speck 2010 53.6875 7.9983 112 52.381 8.9617 121 4.4% 0.15[-0.10, 0.41] I~
Togawa 2021 47.42 1.48 137 48.9 0.8 362 4.5% -1.43 [-1.65, -1.22] -
Subtotal (95% CI) 1274 1870 35.4% -0.38 [-0.71, -0.05] L 4
Heterogeneity: Tau? = 0.21; Chi? = 121.65, df = 7 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.26 (P = 0.02)
1.2.2 EORTC QLQ C30
Dawes 2008 73.4 249 16 743 224 34 3.0% -0.04 [-0.63, 0.56] T
Gong 2020 81.6 186 560 825 20.3 1423 4.8% -0.05 [-0.14, 0.05] b
Lopez-Penha 2014 79 20 26 82 19 119  3.7% -0.16 [-0.58, 0.27] -
Surmeli 2019 58.89 5.04 27 7793 4.87 29  2.0% -3.79 [-4.69, -2.89] —
Subtotal (95% CI) 629 1605 13.6% -0.90 [-1.88, 0.07] i
Heterogeneity: Tau? = 0.91; Chi? = 66.28, df = 3 (P < 0.00001); I* = 95%
Test for overall effect: Z=1.81 (P = 0.07)
1.2.3 FACT-B+4
Beaulac 2002 18.8  4.5365 42 206 3.1321 109 4.0% -0.50 [-0.86, -0.14] -
Kaur 2017 12.2 4.91 42 17.42 5.05 33  35% -1.04 [-1.53, -0.55] I
Mak 2009 17.3 5 101 18.1 49 101 4.3% -0.16 [-0.44, 0.12] =T
Popovic-Petrovic 2018 18.47 4.69 34 16.83 5.03 30 3.4% 0.33[-0.16, 0.83] T
Recchia 2017 15.27 4.95 15 19.6 3.98 15 2.4% -0.94 [-1.70, -0.18] -
Yusof 2021a 18.5 4.4 30 19.7 3.6 83 3.7% -0.31[-0.73, 0.11] ]
Subtotal (95% CI) 264 3711 21.4% -0.40 [-0.75, -0.05] ‘
Heterogeneity: Tau? = 0.14; Chi? = 19.83, df =5 (P = 0.001); I? = 75%
Test for overall effect: Z = 2.24 (P = 0.03)
1.2.4 SF-12
Carpenter 1998 454 13.7 36 522 9.9 70  3.8% -0.60 [-1.01, -0.19] -
Mandelblatt 2002 48.1 86 219 501 6.8 352 4.7% -0.26 [-0.43, -0.10] -
Pinto 2013 38.93 14.21 50 44.34 13.15 50 3.8% -0.39 [-0.79, 0.00] ]
Subtotal (95% CI) 305 472 12.3% -0.34 [-0.51, -0.17] +
Heterogeneity: Tau? = 0.00; Chi? = 2.27, df = 2 (P = 0.32); I = 12%
Test for overall effect: Z=3.92 (P < 0.0001)
1.2.9 Other
Aerts 2011 14.8 1.9 59 15.6 1.8 30 3.6% -0.42 [-0.87, 0.02] -
Caffo 2003 64.7 228 210 795 187 319  4.6% -0.72[-0.90, -0.54] -
Heiney 2007 6.5 29822 122 6.8 4.4817 415 4.6% -0.07 [-0.27, 0.13] T
Langford 2015 55 1.8 158 6.4 1.7 122 4.4% -0.51[-0.75, -0.27] -
Subtotal (95% CI) 549 886 17.3% -0.43 [-0.77, -0.10] L 2
Heterogeneity: Tau? = 0.10; Chi? = 22.67, df = 3 (P < 0.0001); I> = 87%
Test for overall effect: Z=2.57 (P = 0.01)
Total (95% CI) 3021 5204 100.0% -0.43 [-0.60, -0.27] ‘
Heterogeneity: Tau? = 0.15; Chi? = 261.81, df = 24 (P < 0.00001); 1> = 91% il 2 5 2 i

Test for overall effect: Z=5.05 (P < 0.00001)
Test for subgroup differences: Chi? = 1.44, df = 4 (P = 0.84), I?= 0%

Favours group with UBM  Favours group without UBM

Fig.3 The effect of UBM on QOL (SMD): psychological/emotional wellbeing

df=24; p<0.00001) [Total (n==8225); UBM+ (n=3021);
UBM —( n=5204)] (Fig. 3). There was evidence to suggest a
significant negative effect of UBM for psychological/emotional
wellbeing measured using the SF-36 (p <0.00001), FACT-B
(p=0.001), EORTC-QLQ C30 (»<0.00001), and ‘other’ ques-
tionnaires (p<0.0001). There was no between group differences
in SF-12 questionnaire scores (p=0.32).

Social wellbeing/function was reported in 28 studies
using seven QOL assessment tools. Overall, social wellbe-
ing/function was significantly poorer in the UBM + group,
with a moderate to large effect size (SMD= —0.62;
95%ClI = —0.83,—0.40; Z=5.68; df =27; p<0.00001) [Total
(n=10,160); UBM + (n=3355); UBM — (n=6805)] (Fig. 4).
Moderate and large significant negative effects of UBM
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were observed in studies using the SF-36 (SMD = —0.52;
95%Cl= —-0.71,-0.32; Z=5.19; df=11; p<0.00001)
and EORTC QLQ-C30 questionnaires, respectively
(SMD= -1.16; 95%Cl= —1.74,-0.58; Z=3.92; df=4;
p<0.00001) and ‘other’ questionnaires (SMD = —1.30;
95%ClI= —-2.62,0.02; Z=1.93; df =2; p <0.00001). No signif-
icant differences were observed between groups for the FACT-
B (p=0.38) or WHOQOL-Bref (p =0.98) questionnaires.
The sensitivity analysis (Online resource 1) showed that
excluding studies which used objective measures of UBM
had a minor impact on the magnitude, but not on the direc-
tion or significance of the effect of UBM on QOL. Includ-
ing individuals with objective UBM (e.g. clinically diag-
nosed lymphoedema) in the analysis does not significantly
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UBM+ UBM- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
1.3.1 SF-36
Ahmed 2008 46.8437 10.7734 579 505 106 708  4.0% -0.34 [-0.45, -0.23] -
Beyaz 2016 88.46 60 84 94.43 3.6 47  37% -0.12 [-0.48, 0.23] -
Casso 2004 70.8375 29.3031 80 818 293031 132 3.8% -0.37 [-0.65, -0.09] -
Hamood 2018 42.2 76 305 56.2 16.3 34 3.6% -1.58 [-1.95, -1.21] -
Hormes 2010 8.69 1.77 148 9.5 114 105 3.9% -0.52 [-0.78, -0.27] -
Jariwala 2021 73.61 181 104 78.41 123 108 3.8% -0.31[-0.58, -0.04] ]
Jorgensen 2021 66.59  22.79 44 88.38 2099 832 3.8% -1.03 [-1.34, -0.73] -
Lee 2012 7047 2192 58 72.69 2229 146  3.8% -0.10 [-0.40, 0.20] T
Macdonald 2005 733 31.2 59 86.6 213 38  3.5% -0.48 [-0.89, -0.06] -
Meijuan 2013 69.52  23.04 62 741 19.54 54  3.6% -0.21[-0.58, 0.15] -
Nesvold 2011 75.8 241 80 87.8 205 163  3.8% -0.55 [-0.82, -0.28] -
Wilson 2005 60.9 28.6 32 80 271 175  3.6% -0.70 [-1.08, -0.31] -
Subtotal (95% CI) 1635 2542 45.0% -0.52 [-0.71, -0.32] ¢
Heterogeneity: Tau? = 0.09; Chi? = 66.24, df = 11 (P < 0.00001); I* = 83%
Test for overall effect: Z=5.19 (P < 0.00001)
1.3.2 EORTC-QLQ C30
Batenburg 2022 75.4 266 263 924 16.5 1341 4.0% -0.92 [-1.05, -0.78] -
Dawes 2008 86.4 204 16 82.8 289 34 31% 0.13 [-0.46, 0.73] 1T
Gong 2020 78.9 164 560 86.2 18.1 1432 4.1% -0.41[-0.51, -0.32] -
Lopez-Penha 2014 81 23 26 94 14 119  3.5% -0.81[-1.25, -0.38] -
Surmeli 2019 44.02 3.5 27 71.82 4.018706 29 1.4% -7.26[-8.75,-5.77]
Subtotal (95% CI) 892 2955 16.0% -1.16 [-1.74, -0.58] L 2
Heterogeneity: Tau? = 0.35; Chiz = 118.11, df = 4 (P < 0.00001); I1>=97%
Test for overall effect: Z=3.92 (P < 0.0001)
1.3.3 FACT-B
Beaulac 2002 23.7 6.4807 42 246 52202 109 3.7% -0.16 [-0.52, 0.20] B
Kaur 2017 24.26 312 42 25.04 318 33  34% -0.25[-0.70, 0.21] r
Mak 2009 20.5 6 101 219 49 101 3.8% -0.25 [-0.53, 0.02] -
Popovic-Petrovic 2018 226 4.29 34 21.04 4.42 30 3.3% 0.35[-0.14, 0.85] T
Recchia 2017 17.93 4.4 15 18.53 4.96 15 2.8% -0.12 [-0.84, 0.59] T
Yusof 2021a 23.1 6.1 30 247 4.5 83  3.5% -0.32[-0.74, 0.10] ]
Subtotal (95% Cl) 264 371 20.6% -0.17 [-0.34, 0.00] L
Heterogeneity: Tau? = 0.00; Chi? = 5.28, df =5 (P = 0.38); I?= 5%
Test for overall effect: Z=1.93 (P = 0.05)
1.3.4 WHOQOL-Bref
Aerts 2011 15.5 24 59 16.5 24 30  3.5% -0.41 [-0.86, 0.03] -
Koca 2020 9.81 2.48 15 10.7 2.1 51 3.1% -0.40 [-0.98, 0.18] T
Subtotal (95% Cl) 74 81 6.6% -0.41 [-0.76, -0.06] L 2
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I?= 0%
Test for overall effect: Z = 2.27 (P = 0.02)
1.3.5 Other
Caffo 2003 56.3 30.3 210 694 254 319  4.0% -0.48 [-0.65, -0.30] -
Heiney 2007 55 025 122 6.1 021 415 3.9% -2.73[-2.99, -2.47] -
Langford 2015 6.5 2 158 7.8 16 122 3.9% -0.71[-0.95, -0.46] -
Subtotal (95% CI) 490 856 11.7% -1.30 [-2.62, 0.02] et
Heterogeneity: Tau? = 1.35; Chi? = 208.19, df = 2 (P < 0.00001); 12 = 99%
Test for overall effect: Z = 1.93 (P = 0.05)
Total (95% CI) 3355 6805 100.0% -0.62 [-0.83, -0.40] *
Heterogeneity: Tau? = 0.29; Chi2 = 492.63, df = 27 (P < 0.00001); I? = 95% 4 2 0 2

Test for overall effect: Z = 5.68 (P < 0.00001)
Test for subgroup differences: Chi? = 16.72, df = 4 (P = 0.002), I> = 76.1%

Fig.4 The effect of UBM on QOL (SMD): social wellbeing

diminish the size of the effect, irrespective of whether they
experience adverse symptoms (e.g. discomfort) or not.

Study quality

The results of the study quality assessment are summarised
in Fig. 5 and presented in full in Online resource 1. Results
are displayed as the proportion of included studies meeting
each JBI checklist item. Of the 58 included studies, 72.4%
were rated as good quality. Of those studies included in the
meta-analysis, 71.8% were rated as good quality. Reasons for

Favours group with UBM  Favours group without UBM

poor quality ratings included insufficient description of the
study inclusion criteria and sample characteristics, failure
to describe the criteria for the classification into UBM +and
UBM — groups, lack of appropriate statistical analysis, and
inadequate controlling of confounding variables.

Evaluation of publication bias
Funnel plots for each of the primary analyses showed asym-

metrical distribution of studies either side of the main effect
(Online resource 1) inferring the presence of publication
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Fig.5 Quality of included
studies: Joanna Briggs Institute
checklist for analytical cross-
sectional studies [30]

Study subjects and setting described in detail

Criteria for inclusion in the sample clearly defined

Criterion

Strategies to deal with confounding factors stated

Objective, standard criteria used for measurement of the condition

Exposure measured in a valid and reliable way

bias, such as failure to publish small studies with insignifi-
cant effects estimates. This may have contributed to an over-
estimation of the effect of UBM on wellbeing scores.

Exploratory analyses

In the exploratory analyses, studies were grouped accord-
ing to QOL questionnaire. Domain scores were compared
between UBM + and UBM — groups. Differences in scores
were given clinical context by way of comparison to prede-
termined MID or MCID thresholds [27, 35], available for
some widely used and validated questionnaires including the
SF-36, SF-12, and EORTC QLQ-C30 [35, 104, 105]. UBM
demonstrated a negative effect of clinically important mag-
nitude, across all subscales of the SF-36 and SF-12 question-
naires. Furthermore, there was a significant negative effect
on physical and social health scores on the WHOQOL-
BREF questionnaire due to UBM. No difference existed
between UBM + and UBM — groups for EORTC QLQ-C30
emotional or cognitive functioning, EORTC QLQ-BR23
body image, sexual function, sexual enjoyment, arm symp-
toms, or future perspectives, or FACT-B +4 social/family
wellbeing. Findings from the exploratory analysis are sum-
marised in Table 2. Forest plots from each analysis are avail-
able in the supplementary material (Online resource 1).

Discussion

The aim of the present study was to evaluate the effect
of breast cancer treatment-related UBM on QOL. The
primary analyses demonstrated that physical, psycho-
logical/emotional, and social aspects of QOL were nega-
tively impacted by the presence of UBM after treatment.
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Outcomes measured in a valid and reliable way
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However, the degree to which each of these domains was
affected, varied. Difference in QOL was most substantial
in terms of physical wellbeing and function, as would
be expected given the presence of physical upper-body
symptoms and limitations differentiating the two groups.
Detriment to physical QOL domains has previously been
attributed to the difficulty UBM introduces to performing
routine tasks such as cooking, cleaning, dressing/grooming
and driving [106, 107]. The present analysis also revealed
that beyond being a source of physical morbidity, UBM
is associated with impairment to social function and psy-
chological wellbeing. This echoes findings from studies
that have identified UBM as a source of distress and psy-
chological burden [107]. Experiencing UBM may mag-
nify the discrepancy between one’s pre- and post-cancer
capabilities — for example, the inability to perform usual
roles within home, social and work context — explaining
to some extent, why UBM contributes to impaired psycho-
logical and social wellbeing [14, 16, 24, 107, 108].

The review included studies that reported QOL after
breast cancer using a variety of general or cancer-specific
multidimensional QOL tools, warranting exploratory
analyses with studies grouped according to questionnaire.
These analyses also revealed substantial impairment
across several domains of QOL due to UBM. However,
the direction and size of the effect of UBM on correspond-
ing subscales of different questionnaires varied (Table 2),
and in some instances, contrasted findings from the pri-
mary analysis. For example, UBM had no effect on social
functioning or social/family wellbeing subscales of the
EORTC QLQ-C30 and FACT-B questionnaires, respec-
tively, yet demonstrated a negative effect on SF-36 social
function and WHOQOL-BREF social relationships sub-
scales. Effects were also inconsistent between question-
naires for emotional functioning, general health/global
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Table 2 Summa.ry of Questionnaire subscales

exploratory findings: The effect

of upper-body morbidity on Questionnaire Negative effect due to UBM No effect due to UBM

quality of life according to

questionnaire SF-36

SF-12

EORTC QLQ-C30

EORTC QLQ-BR23

FACT-B+4

WHOQOL-BREF

Physical wellbeing? ¥
Physical role functioning?
Emotional role functioning?
Energy/fatigue*

Mental health*

Social function®

Bodily pain*

General health*

Physical component score*
Mental component score?
Global health status*

Physical functioning*

Emotional functioning
Cognitive functioning
Role functioning*
Social functioning*
Breast symptoms Body image
Sexual function
Sexual enjoyment
Arm symptoms
Future perspectives
Total FACT-B*
Total FACT-B +4
Physical wellbeing

Social/family wellbeing

Emotional wellbeing
Functional wellbeing
Breast cancer subscale?
Arm symptom subscale
Physical health

Social relationships

Environmental health
General health

World Health Organisation Quality of Life questionnaire, Brief (WHOQOL-BREF); European Organisa-
tion for the Research and Treatment of Cancer Quality of Life Questionnaire, Core 30 (EORTC QLQ-C30);
European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire, Breast
cancer module (EORTC QLQ-BR23) Functional Assessment of Cancer Therapy, Breast (with arm symp-
toms subscale) (FACT-B +4); Short form 12 (SF-12); Short form 36 (SF-36)

"No applicable subscales

*Exceeds MCID/MID for questionnaire subscale

QOL, and breast/arm symptoms subscales. The variable
impact of UBM on QOL according to questionnaire may
be accounted for by disparities in the number of stud-
ies included in each exploratory analysis. Other factors
including sample demographics, treatment regime, and
UBM type, duration, and severity, have been identified as
moderators of the effect of UBM on QOL and may have
contributed to the variable effects observed [109-111].

It is also worth considering the potential impact of ques-
tionnaire selection, on assessing QOL across the cancer con-
tinuum [112, 113]. Cancer-specific questionnaires, designed to
assess QOL during active treatment when patients experience
acute treatment side effects, new psychosocial stressors, and

fears about the future, may not contain items of relevance to
longer term cancer survivors [114—116]. Conversely, generic
assessment tools fail to capture the presence of specific can-
cer/treatment-related effects and their impact on QOL. Select-
ing a tool with coverage of concerns relevant to a person’s
stage on the cancer continuum is paramount to accurate and
informative QOL assessment [112]. To improve detection of
impaired QOL going forward, administration of a combination
of cancer-specific and generic questionnaires may be indicated.

This review represents a comprehensive study of the lit-
erature describing multiple types of UBM and their rela-
tionship to QOL. It is the first to produce a meta-analysis
quantifying the overall effect of UBM on key QOL domains,
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and the effect of UBM on QOL scores from individual
questionnaires.

Study limitations

There are limitations to consider, the first related to the types
of UBM reported and methods used to categorise individu-
als as UBM +or UBM —. The majority of included studies
compared individuals with or without lymphoedema. As a
prevalent type of UBM after breast cancer there is merit in
assessing the impact of lymphoedema on QOL, but find-
ings of these meta-analyses may not reflect the impact of
other types of UBM on QOL. Furthermore, the dichotomous
classification of UBM represents a limitation to appreciat-
ing the complexities of its effect on QOL. For example, the
influence of UBM severity, UBM duration/time since treat-
ment, and UBM type is obscured by categorising individuals
into discrete UBM +and UBM — groups. A comprehensive
meta-analysis in which UBM is further stratified according
to type and severity and accounts for time since treatment
may address this limitation. However, this may not be feasi-
ble given the heterogeneity of currently available data, and
the potential co-occurrence of multiple types of UBM (e.g.
pain associated with lymphoedema).

Second, as QOL is a multidimensional construct, this
review sought to determine the differential impact of
UBM on multiple life domains. As such, only studies that
employed multidimensional QOL assessment tools were
included. Studies using questionnaires to assess components
of wellbeing such as anxiety and depression severity, func-
tional impairment, or body image, were excluded. Viewed
alongside this review these measures may add richness to
the understanding of breast cancer survivor experiences of
UBM after treatment.

Finally, the risk of bias and potential overestimation of
the observed effect should be addressed. Funnel plots gener-
ated for the primary analysis were asymmetrical, inferring
risk of publication bias [34]. Additional sources of bias may
have included the poor reporting and methodological quality,
evident in the ‘poor’ quality rating given to~30% of studies,
and the high level of heterogeneity between studies in terms
of time since treatment, UBM type, and criteria for assign-
ment to UBM +and UBM — groups existed between studies.

Clinical implications

Whilst this review does not provide evidence endorsing strate-
gies to prevent or manage UBM, the findings justify efforts taken
to minimise the presence and impact of UBM to preserve QOL.
In the literature to date, examples of such strategies include the
selection of minimally invasive procedures to minimise the
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risk of developing UBM [117-121]; implementation of “Pre-
habilitation” to improve physical and psychological condition
prior to initiating breast cancer treatment and promote supe-
rior treatment outcomes [122—127]; and the implementation of
“Rehabilitation”, such as physical therapy/exercise or activities
to promote recovery to pre-treatment physical capacity and QOL
[126-130]. Based on the findings of this review, there is merit
in implementing UBM prevention and management strategies
that address multiple aspects of wellbeing, in order to effectively
minimise impairment to overall QOL [7, 131].

Conclusions

Individuals with breast cancer-related UBM that persists
beyond primary treatment, report significantly poorer QOL
than individuals without UBM. While the most substantial
negative effects were observed in physical wellbeing and
functioning domains, evidence showed that several domains
of QOL are subject to impairment in groups with UBM.
There is merit in assessing impairment due to UBM using
relevant, multidimensional QOL assessment tools. The pur-
suit of strategies to prevent and manage UBM is warranted,
to minimise its impact on physical, psychological, and social
wellbeing across the cancer continuum.
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